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Objective To evaluate the effect of post-stroke depression (PSD) on rehabilitation outcome and to investigate the
risk factors of PSD, especially, the role of caregivers type (family or professional) in subacute stroke patients.
Methods Two hundred twenty-six stroke patients were enrolled retrospectively. All the subjects’ basic
characteristics, Korean version of the Beck Depression Inventory (K-BDI), Korean version of the Modified Barthel
Index (K-MBI), and the modified Rankin Scale (mRS) were recorded when the patient was transferred into the
Department of Rehabilitation Medicine and at the time of discharge. The results were statistically analyzed by
using SPSS ver. 20.0.

Results The patients’ K-BDI score showed a significantly negative association with K-MBI at discharge (3=-0.473,
p<0.001) and a significantly positive association with the mRS score at discharge (8=0.316, p<0.001). Patients with
lesions on the left hemisphere (odds ratio [OR], 3.882; 95% confidence interval [CI], 1.726-8.733) and professional
caregiver support (OR, 0.028; 95% CI, 0.012-0.065) had a higher rate of depression.

Conclusion Depression was prevalent in stroke patients, and it had a negative effect on patients’ functional
outcome. Patients who had a lesion on the right hemisphere had less depression. The type of caregiver was related
to the incidence of subacute PSD, and family caregivers were found to lower the frequency of stroke patients’
depression.
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their first strokes [1], and stroke is the second leading
cause of death in Korea [2]. Stroke survivors have an in-
creased incidence of neuropsychiatric disorders, such as
generalized anxiety disorders, psychotic states, second-
ary mania, apathy, obsessive disorders, and depression
[3]. Among these, depression is one of the most common
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neuropsychiatric disturbances in first few months follow-
ing a stroke, occurring in 20%-65% of stroke patients [4,5].
It is so-called post-stroke depression (PSD). PSD has
been negatively associated with survival, cost of medical
care, and compliance with therapy including rehabilita-
tion, functional outcome, resumption of social activities,
and quality of life [6].

Studies have been conducted to better describe the
relationship between stroke and depression. Kauhanen
et al. [7] reported that PSD is related to dependence with
respect to activities of daily living, and to the severity of
neurological deficits. Whyte and Mulsant [8] suggested a
possible biological relationship between depression and
structural brain injury caused by a stroke. In addition,
Anderson et al. [9] proposed that cerebrovascular risk
factors increase the risk of depression.

Care is an important issue for stroke patients suffering
from neurological deficits. Particularly among acute and
subacute stroke patients, those with moderate to severe
impairment have to depend on others to accomplish
most of their activities of daily living and such roles are
csarried out by their main caregivers [2]. Such care has
usually been performed by the family, but care by profes-
sional caregivers is now being widely used in response to
the structural change of Korean society resulting from the
increasing life expectancy and elderly population [10,11].
Therefore, in this study, we investigated the type of care-
giver (family or professional caregiver) and their effect in
stroke patients’ depression.

Although the relationship between stroke and depres-
sion is described extensively in literature worldwide,
there are limited studies in Korea pertaining to the risk
factors of PSD in patients at a subacute stage of stroke
and regarding the effect of PSD on rehabilitation out-
come. The aims of this study are to evaluate the effect of
PSD on rehabilitation outcome and to investigate the risk
factors of PSD, especially, the role of caregiver type (family
or professional) as a risk factor for stroke patients’ sub-
acute PSD.

MATERIALS AND METHODS

Study design
This is a retrospective observation study.

Subjects

Data from stroke patients who were transferred into
the Department of Rehabilitation Medicine of Konyang
University Hospital from January 2011 to December 2013
were retrospectively recruited from the patients’ medical
records. Before being transferred in, the patients were
treated in the Department of Neurology or Neurosurgery
of our hospital. The patients’ average duration from the
onset of stroke was 11.93+2.43 days.

Inclusion criteria were (1) patients over 18 years of age
who underwent their first stroke; (2) confirmed diagnosis
of stroke by medical records, imaging study, and clinical
examination; and (3) patients who had never suffered
from psychiatric disorders before the stroke. Exclusion
criteria included the following: (1) transient ischemic at-
tack, subdural hematoma, or subarachnoid hemorrhage;
(2) history of any central nervous system disease other
than stroke; (3) severe cognitive impairment as defined
by the Korean version of the Mini-Mental State Examina-
tion (MMSE-K) score of <19 [12]; (4) severe auditory or
visual impairment; and (5) recurrent stroke before as-
sessment.

Depression

Depression was measured by using the Korean version
of the Beck Depression Inventory (K-BDI), which is com-
monly used to evaluate depression. It consists of 21 ques-
tions (scoring up to 63 points) and a score higher than 10
is considered to represent depressive symptoms [13]. The
K-BDI was measured 3 to 4 weeks (24+2.32 days) after the
transfer, and the survey was conducted by a clinical psy-
chologist in our hospital. To find the correlation between
depression and factors, the patients were divided into
two groups by a cutoff score of 10 [14].

Functional outcome measures

The functional outcomes of stroke patients were mea-
sured using the Korean versions of the Modified Barthel
Index (K-MBI) [15] and the modified Rankin Scale (mRS)
[16] upon transfer into the Department of Rehabilitation
Medicine of Konyang University Hospital and at the time
of discharge.

The K-MBI is a Korean translation of the 5th version of
MB], translated by Jung et al. [15]. It consists of 10 items,
and its score ranges from 0 to 100, with a high score
meaning that the stroke patient functions well. It is con-
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sidered to be a reliable and valid instrument for evaluat-
ing the functional status of subjects with stroke.

The mRS is a tool that has a score range from 0 to 6,
with a high score representing a poor functional out-
come. This tool is efficient in assessing stroke patients’
functions [16].

Table 1. Demographics and characteristics of stroke pa-
tients (n=226)

Characteristic Value
Age (yr) 68.45+13.00
Gender (male:female) 126:100
Type of stroke (Ischemic:hemorrhage) 127:99
Caregiver (family:professional) 108:118
Diabetes mellitus 110
Hypertension 145
Smoking 101
Alcohol 156
Atrial fibrillation 28
Married 153
K-BDI 23.04%+17.35
MMSE-K 24.66%2.58
K-MBI at baseline 15.28+8.29
K-MBI at discharge 51.46+29.34
mRS at baseline 4.83%0.37
mRS at discharge 3.56x1.39
Hospital days 51.97+6.84
Educational duration (yr) 6.17+4.33

Values are presented as meantstandard deviation or
number.

K-BDI, Korean version of Beck Depression Inventory;
MMSE-K, Korean version of the Mini-Mental State Ex-
amination; K-MBI, Korean version of Modified Barthel
Index; mRS, modified Rankin Scale.

Statistical analyses

Statistical analyses were performed using SPSS ver. 20.0
(IBM SPSS Inc., Armonk, NY, USA). The baseline demo-
graphic characteristics of stroke patients were analyzed.
A multiple linear regression model was used to examine
the association between depression and functional out-
come. In order to find the association of various factors
with depression, Pearson correlation test, Pearson chi-
square test, and a linear logistic regression model were
used. Statistical significance was assigned at p-values less
than 0.05.

RESULTS

Depression and functional outcomes of stroke patients

A total of 226 patients were recruited in the study. The
mean age of the patients was 68.45+13.00 years and the
mean BDI score was 23.04+17.35 points. The patients’
functional outcomes were all improved at discharge.
Other demographic and general characteristics of the pa-
tients are listed in Table 1.

The association between the initial factors and func-
tional outcomes are listed in Table 2. The BDI score of
stroke patients showed a significantly negative associa-
tion with the K-MBI at discharge (B=-0.473, p<0.001) and
a significantly positive association with the mRS score at
discharge ($=0.316, p<0.001). Fig. 1A and B are scatter
plots showing the relationship between the K-BDI and
functional outcomes (K-MBI, mRS) at discharge.

Various factors and depression

Using a cutoff value of the BDI score, the stroke patients
were divided into two groups. Those with a BDI score <10
were the non-depressed group, and those with a BDI>10,
the depressed group. Table 3 contains the association

Table 2. Association between patients’ functional outcome and other initial factors

K-MBI at discharge (r) mRS at discharge (r)
B Partial R* p-value B Partial R* p-value
Age 0.0217 0.0150 0.06 0.0610 0.0128 0.09
K-BDI -0.4730 0.7077 0.00*** 0.3160 0.6594 0.00***
Educational duration (yr) 0.0854 0.0001 0.89 0.0067 0.0339 0.08
MMSE-K 0.0524 0.0142 0.09 -0.0000 0.0146 0.93

K-BDI, Korean version of Beck Depression Inventory; MMSE-K, Korean version of the Mini-Mental State Examina-

tion; B, regression coefficient.
**%p<0.001.
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Fig. 1. (A) Scatter plot showing the relationship between Korean version of Beck Depression Inventory (K-BDI) and
Korean version of Modified Barthel Index (K-MBI). (B) Scatter plot showing the relation between K-BDI and modified

Rankin Scale (mRS).

Table 3. Comparison between patients in the non-de-
pressive and depressive groups

Table 4. Linear logistic regression model results of pre-
dicting depression

Non-. Depressive
depressive p-value
(n=98) (n=128)
Age (yr) 67.61£12.69 69.09+13.24 0.397
Gender (male) 58 (59.1) 68(53.1) 0.418
Lesion of stroke
Left hemisphere 40 (40.8) 70 (54.7)  0.044*
Right hemisphere 58 (59.2) 58 (45.3)
Type of stroke
Ischemic 49 (50.0) 80(62.5) 0.078
Hemorrhagic 49 (50.0) 48 (37.5)
Type of caregiver
Family caregiver 77 (78.6) 31(24.2) 0.00%**
Professional 21(21.4) 97 (75.8)
caregiver
Diabetes mellitus 46 (46.9) 64 (50.0) 0.688
Hypertension 57 (58.2) 88(68.8) 0.124
Smoking 29 (29.6) 72 (56.3)  0.00%**
Alcohol 62 (63.3) 94(73.4) 0.112
Atrial fibrillation 11 (11.2) 17(13.3) 0.472
Married 66 (67.3) 87(67.9) 1.000
MMSE-K 24.38+2.03 24.89+2.92 0.131
Educational 6.04+4.39 6.27+4.29  0.691
duration (yr)

MMSE-K, Korean version of Mini-Mental State Exami-
nation.
*p<0.05, **p<0.001.

OR 95%CI  p-value
Lesion of stroke 3.882 1.726-8.733 0.01*
(Lt. hemisphere)
Type of stroke (ischemic) 1.242 0.557-2.765 0.59
Professional caregiver 0.028 0.012-0.065 0.00***
Smoking 0.348 0.154-0.784 0.11

OR, odds ratio; CI, confidence interval; Lt., left.
*p<0.05, ***p<0.001.

between various factors and depression. A lesion on the
left hemisphere, smoking history, and support by a pro-
fessional caregiver showed a significant association with
stroke patients’ depression (p<0.05). There was no signif-
icant association between the other factors we examined
and depression.

Table 4 shows the result of linear logistic regression
analysis of factors that influence the depression of stroke
patients. Patients with a lesion on the left hemisphere
(odds ratio [OR], 3.882; 95% confidence interval [CI],
1.726-8.733) and professional caregiver support (OR,
0.028; 95% CI, 0.012-0.065) had higher rates of depres-
sion.

DISCUSSION

In this study, more than half of the patients had depres-
sive symptoms. This prevalence rate agrees with the study
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of Farner et al. [17], which reported 56% prevalence rate
of PSD. We found that PSD patients had poor functional
outcomes at discharge. This finding corresponds with
that of Schmid et al. [18]. They investigated 174 patients
with PSD over 12 weeks and found that the severity of
depression symptoms was negatively associated with the
patients’ functional independence. As one of the main
goals of stroke rehabilitation is restoring the patients’
functional outcomes, this finding reinforces the impor-
tance of treatment for PSD in stroke rehabilitation.

Also, we investigated several factors of depression. We
found patients who had a lesion on their right hemi-
spheres had lower rates of depression. The type of care-
giver had a significant effect on the incidence of sub-
acute PSD, and patients supported by a family caregiver
showed a lower frequency of depression. However, sex,
past history of certain conditions (hypertension, smok-
ing, dyslipidemia, marital status, and educational dura-
tion), and type of stroke were not associated with sub-
acute PSD.

The risk factors of PSD in the present study are com-
parable to those found in other studies. In our study,
age was not associated with PSD. This finding is consis-
tent with that of Brown et al. [19] and Fuentes et al. [20].
They found no association between depression and age.
According to the study of Berg et al. [21], however, age
was the most significant determinant of depression and
older patients were more depressed after suffering acute
strokes. This difference might be because the patients re-
cruited in our study were older (68.45+13.00 years) than
those in other studies, and therefore the effect of age was
muted. As shown in our study, a large number of patients
had their first stroke at an advanced age. For elderly pa-
tients, therefore, age may not be a determinant of depres-
sion.

In our study, sex was not associated with PSD. Kotila
et al. [22] reported that the female sex is associated with
depression. However, Berg et al. [23] reported that, in a
chronic phase, men seemed to be more depressed than
women. According to the study of Berg et al. [23], the na-
ture of PSD may be different between the two sexes and
men are more concerned about working disability and
have a poorer coping ability than women. The discrep-
ancy between our study and others is likely due to the pe-
riod of investigation. Patients recruited in our study were
investigated within 3 months of having their strokes.
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In this study, cognitive function measured by the
MMSE-K was not related to PSD. Some studies evaluated
the relationship between decreased cognitive function
and depression. In our study, however, cognitively im-
paired patients with a low MMSE-K score and aphasia
patients were excluded by criteria, and this confounded
the effect of cognitive function as a risk factor of depres-
sion [12].

Furthermore, our study found that a lesion on the left
hemisphere was associated with depression. Our find-
ing is consistent with the study of Paradiso and Robinson
[24] which suggested that depression was associated with
lesions on the left hemisphere as well. However, some
studies found no association between stroke lesions and
depression [12,19]. The significance of our result is pro-
posed by the concept of anosognosic disturbance. Stroke
patients who are able to realize their disabilities respond
to depressive symptoms soon after stroke, but this nor-
mal reaction is lacking in patients who suffer anosog-
nosic disturbances. Because anosognosic disturbances
are known to occur in right hemisphere lesions in an
acute phase, the prevalence of depressive disorders may
be higher after a left hemisphere stroke [21]. Further-
more, Bhogal et al. [25] reviewed the relevant literature
and proposed that when inpatient population studies
were compared with community-based studies, PSD of
left hemisphere lesion stroke patients was more frequent
in the inpatient population. As the subjects in our study
were an inpatient population, this might influence the
result. However, the association between the site of the
stroke lesion and the likelihood of the development of
depression remains controversial [21,25].

This study is significant in that, to the best of the au-
thor’s knowledge, it is the first study to investigate the
type of caregiver as a risk factor of PSD. Previous studies
have focused on caregivers’ depression and suggested
that caregivers can easily be depressed by their burdens.
They emphasized that it would be important to identify
depressed caregivers [26,27]. Approaching this situation
from a different viewpoint, however, this study found that
patients supported by a family caregiver showed remark-
ably fewer depression symptoms. Furthermore, such pa-
tients showed good functional outcomes. Previous stud-
ies compared the course of the illness at day hospitals
and outpatient services with that at home care, and found
great advantages in the latter [28,29]. These findings sug-
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gest that family members play important roles by offering
emotional encouragement and helping compliance with
therapeutic instructions because most of patients are
mostly dependent, disabled, or both [30]. Also, Tsouna-
Hadjis et al. [31] investigated 43 first-stroke patients and
reported that high-level family support is associated with
an improvement of depression and functional outcomes
in acute-stage stroke patients. Therefore, even though the
number of professional caregivers is increasing in Korea
[11], family caregivers can give physical and psychologi-
cal support that is more desirable and effective from the
stroke survivors’ points of view.

There are several limitations in this study. First, the
retrospective nature of the study may influence the re-
sults. Second, the K-BDI was the only tool to investigate
depression. However, the K-BDI is used widely and its
reliability and validity for screening PSD have been well-
established [32]. Third, we did not examine other risk
factors of PSD, such as the severity of stroke and the type
of PSD symptoms. Fourth, the period of investigation
was short and the number of subjects enrolled was small,
limiting its applicability to a more general population.
The last limitation is that stroke patients were divided
dichotomously into the depressive and non-depressive
groups. Further research is required for these limitations.

In conclusion, depression was prevalent in stroke pa-
tients, and it has a negative effect on patients’ functional
outcome. Because the patients’ functional status im-
proves rapidly in the early period of rehabilitation, it is
necessary to focus on the treatment of depression. Also,
family caregivers’ support can improve the patients’ de-
pression and it can be a modifiable factor. Therefore, the
rehabilitation team should take into account it and reflect
this fact in planning a treatment schedule.

However, various factors discussed in this study are
still controversial. Although many studies have evaluated
the risk factors of PSD, debates still remain. Thus, lon-
gitudinal prospective research is required in the future,
complete with a longer period and a larger number of
subjects.
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